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[54] Title of Invention: Fluidized Bed Catalyst for the Production of Acrylonitrile 

from Propylene by Ammoxidation 

[57] [Abstract] 

This invention concerns a fluidized bed catalyst for the production of acrylonitrile from 
propylene by ammoxidation, which includes a silicon dioxide support and a combination 
whose chemical formula, in terms of atomic ratios, is A a B b C c Ge d MnsW f Fe g Bi h MojO x , in 
which formula A is selected as at least two elements from among Li, Na, K, Rb or Cs; B 
is selected as at least one element from among Co, Ni, Cr, Ca, Mg, La, Ce or V; C is ' 
selected as at least one element from among B, P or As. The catalyst of this invention is 
particularly suitable for use under conditions of lower reaction temperatures, higher 
reaction pressure and high propylene load; furthermore it maintains a high acrylonitrile 
yield-per-pass and a high propylene conversion rate and can be applied in industrial 
production. 



SCOPE OF PATENT CLAIMS 



1 . A fluidized bed catalyst for the production of acrylonitrile from propylene by 
arnmoxidation which includes a silicon dioxide support and a combination whose 
chemical formula, in terms of atomic ratios, is as follows: 

AaBbCcGedMn^Wf Fe g Bi h MoiOx, 

in which formula A is selected as at least two elements from among Li, Na, K, Rb or 

Cs; 

B is selected as at least one element from among Co, Ni, Cr, Ca, Mg, La, Ce or V; 

C is selected as at least one element from among B, P or As; 

a assumes a value within the range of 0.01 ~ 1.5; 

b assumes a value within the range of 0.1 - 12.0; 

c assumes a value within the range of 0. 1 - 0.6; 

d assumes a value within the range of 0.01 ~ 2.0; 

e assumes a value within the range of 0.01 ~ 2.5; 

f assumes a value within the range of 0.05 - 1.5; 

g assumes a value within the range of 0. 1 - 4.0; 

h assumes a value within the range of 0.2 ~ 2.5; 

i assumes a value within the range of 12.0 - 14.5; 

x is the total number of oxygen atoms required by the chemical valence of 
individual elements within the catalyst 

wherein the catalyst support is selected from silicon dioxide whose amount in 
terms of weight % is 30 - 70%. 

2. The fluidized bed catalyst for the production of acrylonitrile from propylene by 
arnmoxidation described in item 1 of the Scope of Patent Claims characterized in that a 
assumes a value within the range of 0.01 - 0.7. 

3. The fluidized bed catalyst for the production of acrylonitrile from propylene by 
arnmoxidation described in item 1 of the Scope of Patent Claims characterized in that c 
assumes a value within the range of 0. 1 - 0.45. 

4. The fluidized bed catalyst for the production of acrylonitrile from propylene by 
arnmoxidation described in item 1 of the Scope of Patent Claims characterized in that d 
assumes a value within the range of 0.01-1 .0. 

5. The fluidized bed catalyst for the production of acrylonitrile from propylene by 
arnmoxidation described in item 1 of the Scope of Patent Claims characterized in that e 
assumes a value within the range of 0.2 ~ 1 .5. 

6. The fluidized bed catalyst for the production of acrylonitrile from propylene by 
arnmoxidation described in item 1 of the Scope of Patent Claims characterized in that f 
assumes a value within the range of 0. 1 - 1 .0. 



SPECIFICATION 



Fluidized Bed Catalyst for the Production of Acrylonitrile from 

Propylene by Ammoxidation 

This invention concerns a fluidized bed catalyst for the production of acrylonitrile 
from propylene by ammoxidation. 

Acrylonitrile is an important raw material in organic chemical industry. It is 
produced by ammoxidation of propylene. Through continuous research, a number of 
improvements have been made to obtain a high-activity and high-selectivity catalyst. 
These improvements mostly concern the catalyst's active composition and attach 
particular importance to proportions of the catalyst's active ingredients in increasing the 
activity and selectivity of the catalyst and hence in creasing the per-pass yield of 
acrylonitrile as well as production load. 

Over the 30 years that synthesis of acrylonitrile by ammoxidation has been 
developing, factory production capacities have come close to matching the market 
demand. Lately, the primary trend in acrylonitrile production has been the renovation of 
existing plants rather than building new ones to reduce the waste of raw materials and 
increase production capacities. Through the renovation of existing plants, switching to 
high-efficiency catalysts and eliminating "bottlenecks" in the production process, the 
acrylonitrile production capacity can be increased by 50 ~ 80%, while required 
investments make up only 20-30% of those for new construction, thus yielding an 
enormous economic effect. 

Plant renovation may run into two problems: 1 - the reaction pressure in the fluidized 
bed reactor will have to be increased; 2 - the amount of catalyst to be loaded cannot be 
too big. Therefore the replacement catalyst must have a relatively high propylene load 
and be capable of withstanding a high reaction pressure. 

Reaction pressure in a fluidized bed reactor is determined by the dropping resistance 
of a number of heat exchangers, columns and pipes from the reactor outlet to the 
absorption tower. Since a growing production capacity will inevitably lead to an 
increasing amount of material at the reactor outlet, the above-mentioned drop of 
resistance will grow. In addition, the heat transfer surface of exchangers is insufficient 
and heat exchange equipment must be added, which further increases the resistance drop. 
For environmental reasons, it is prohibited to release the reaction exhaust gas at the top of 
the absorption tower directly into the atmosphere; instead, it is incinerated in a furnace. 
Thus without resorting to induced draft fan, the pressure at the top of the absorption 
tower will have to be raised. For the various reasons mentioned above, currently the 
operational pressure of reactors is 1 .5 to 2 times greater than the design value, as high as 
0.08 MPa or more. 

The second issue mentioned above is the catalyst's load, i.e. WWH. It is defined as 
the number of tons that can be processed per hour per 1 ton of catalyst. Due to the 
reactor's increased inlet amount, the catalyst charging capacity must be increased 



accordingly while the catalyst's load stays the same. However, in the original fluidized 
bed reactor, the cooling water system's height is inadequate, therefore the fluidization 
height of catalyst may exceed the height of the cooling water pipes. Furthermore, 
because of the reactor's increased inlet amount, the linear speed of operation displays a 
marked increase. The combined impact of these two changes may raise the temperature 
of the reactor's dilute phase, causing the formation of an increased amount of carbon 
dioxide and a drop in acrylonitrile selectivity. Therefore, all of the above-mentioned 
problems can be avoided with a comparatively high catalyst WWH. Moreover, effective 
reduction of the reaction temperature can both reduce energy dissipation and improve the 
conditions of reaction, thus achieving the goal of increased acrylonitrile yield. 

Theoretically, raising the catalyst's WWH must raise activation energy of adsorption 
for propylene, but so far there have been no reports of certain elements within the catalyst 
being capable of increasing the activation energy of adsorption for propylene. In the 
source CN1021638C, a catalyst of the following composition has been suggested: 

AaB b C c Ni4CoeNafFegBibMiMojO x . 

In the formula A is potassium, rubidium, cesium, samarium, thallium; B is 
manganese, magnesium, strontium, calcium, beryllium, lanthanum, rare earth elements; C 
is phosphorus, arsenic, boron, antimony, chromium; M is tungsten, vanadium. 

With the above-mentioned catalyst, a fairly high yield-per-pass of acrylonitrile can be 
achieved., but the catalyst's propylene load is pretty low, and at comparatively high 
reaction pressure, there is a significant drop in acrylonitrile yield-per-pass. Further 
research demonstrates that in the above-mentioned catalyst, components B and M are 
related to the catalyst's load and performance under high pressure. Certain elements 
within component B, even though they contribute to high acrylonitrile yield-per-pass, 
adversely affect the growth of catalyst's load and performance under high reaction 
pressure, so they are disadvantageous for use in operations under conditions of high 
pressure and high load. Furthermore, in CN1021638C, the i and j sum total in the above- 
mentioned catalyst is specified as 12, i.e., is a constant. In this invention, this stipulation 
is eliminated, since otherwise whenever the M component is increased the molybdenum 
component is diminished, which affects the acrylonitrile yield-per-pass. 

In the documents US5688739 and US5770757 a germanium-containing 
ammoxidation catalyst was introduced that enables a high acrylonitrile yield. In this 
document, a system of molybdenum, bismuth, and germanium was used, with an optional 
alkali metal among the elements, however, in the Practical Examples, no example of 
including sodium was disclosed. Moreover, the only reaction condition disclosed in this 
document was that the reaction pressure was constant, but there was no specific data from 
a study under conditions of high pressure and high load. 

The goal of this invention is to resolve the issues that were not addressed by the 
catalyst from the above-mentioned documents, suitability for high reaction pressure, high 
operation load and somewhat lower reaction temperatures, by offering a new fluidized 
bed catalyst for the production of acrylonitrile by propylene ammoxidation. This catalyst 
can be suitable for operation under conditions of higher reaction pressure, higher load, 
somewhat lower reaction temperature, and lower air/propylene ratio while retaining a 
high acrylonitrile yield-per-pass and a high propylene conversion rate. 



The goal of this invention will be achieved by the following technological scheme: A 
fluidized bed catalyst for the production of acrylonitrile from propylene by ammoxidation 
which includes a silicon dioxide support and a combination whose chemical formula in 
terms of atomic ratios, is as follows: 

A a B b C c Ge d MneW f Fe g Bi h MoiO x , 

in which formula A is selected as at least two elements from among Li, Na, K, Rb or 

9 

B is selected as at least one element from among Co, Ni, Cr, Ca, Mg, La, Ce or V; 

C is selected as at least one element from among B, P or As; 

a assumes a value within the range of 0.01 ~ 1 .5; 

b assumes a value within the range of 0.1 ~ 12.0; 

c assumes a value within the range of 0.1 - 0.6; 

d assumes a value within the range of 0.01 - 2.0; 

e assumes a value within the range of 0.01 - 2.5; 

f assumes a value within the range of 0.05 - 1.5; 

g assumes a value within the range of 0.1 - 4.0; 

h assumes a value within the range of 0.2 - 2.5; 

i assumes a value within the range of 12.0 ~ 14.5; 

x is the total number of oxygen atoms required by the chemical valence of 
individual elements within the catalyst; 

wherein the catalyst support is selected from silicon dioxide whose amount in 
terms of weight % is 30-70%. 

In the above-mentioned technological scheme, the preferred range of values for a is 
0.01 ~ 0.7, the preferred range of values for c is 0. 1 - 0.45, the preferred range of values 
for d is 0.01 ~ 1.0, the preferred range of values for e is 0.2 ~ 1.5, the preferred range of 
values for f is 0. 1 - 1 .0. 

No special requirements are imposed on the method of manufacturing the catalyst of 
this invention; it can be done by the usual methods. First, a solution of the various 
catalyst components is prepared, and then it is mixed with the support into slurry and 
molded into microspheres by spray drying and finally calcined to prepare the catalyst. 
The slurry is best prepared by the method of CN 1 005248C. 

The raw materials for the catalyst of this invention are as follows. 

For the molybdenum component of the catalyst - molybdenum oxide or ammonium 
molybdate. 

For the phosphorus, arsenic and boron it is best to use corresponding acids or their 
ammonium salts; for tungsten ammonium tungstate or tungsten oxide can be used; for 
vanadium - ammonium metavanadate; for germanium - its oxide, for chromium - 
chromium trioxide, chromim nitrate or a mix of the two; for the other components their 



nitrates or oxides can be used or they can be decomposed into oxide salts, but it is best to 
use water-soluble nitrates. 

Raw materials that can be used for the silicon dioxide support include silicasol, silica 
gel or a mixture of both. When silicasol is used its quality must meet the requirements of 
CN 1005248C. 

Once the slurry is prepared, it is then heated and condensed to a solid content of 47 - 
55% and subsequently spray dried. The spray drying units used can be those of pressure 
type, two-fluid type or centrifugal turntable type, but the centrifugal type is preferred 
because it can ensure a good particle size distribution of the manufactured catalyst. 

The catalyst calcination can be performed in two stages: the decomposition of the 
salts of various elements in the catalyst and high-temperature calcination. The best 
temperature at the decomposition stage is 200 - 300°C, its duration - Q.5~ 2 hrs. The 
calcination temperature range is 500 ~ 800°C, while 550 - 700° is the best; the duration 
of calcination can be from 20 minutes to 2 hours. The above-mentioned decomposition 
and calcination are performed in two separate calciners, but they also can be performed in 
two zones of a single calciner, or the decomposition and calcination can be performed 
simultaneously and continuously in a rotary calciner. An appropriate quantity of air must 
be blown through in the processes of decomposition and calcination, to prevent excessive 
reduction of the catalyst. 

The standards to be met by propylene, ammonia, and molecular oxygen required for 
the production of acrylonitrile using the catalyst of this invention are the same as for 
other ammoxidation catalysts. Even though the low molecular saturated hydrocarbon 
content of the original propylene has no bearing on the reaction, but from the economic 
standpoint, the best content would be more than 85% (mol). As ammonia, the fertilizer 
grade liquid ammonia can be used. From the technological standpoint pure oxygen, 
enriched oxygen or air can be used as the required molecular oxygen, but air is the best 
due to economic and safety considerations. 

The molar ratio of ammonia and propylene entering the fluidized bed reactor is 0.8 ~ 
1 .5, but 1 .0 - 1 .3 is the best. The molar ratio of air and propylene is 8 - 10.5 but 9.0 - 
9.8 is the best. When, for reasons related to certain operations, a higher air ratio must be 
used it can be raised to 1 1 without any significant impact on the reaction. However, for 
safety reasons, the excessive oxygen within reaction gases must not exceed 7% (by 
volume), and it is best for it not to exceed 4%. 

When the catalyst of this invention is used in a fluidized bed reactor, the reaction 
temperature is 420 ~ 470°C, while 425 ~ 450°C is the best. The catalyst of this invention 
is a catalyst suitable for a low reaction temperature, high pressure and high load, 
therefore reaction pressure in the production equipment can be higher than 0.08 MPa, for 
example 0.08 - 0.15 MPa. Should the reaction pressure be lower than 0.08 MPa, this will 
not have any adverse impact, while the acrylonitrile yield -per-pass can be further 
increased. 

The propylene load (WWH) of the catalyst of this invention is 0.06 - 0.15 hr 1 , while 
the best is 0.07 - 0. 10 hr" 1 . When the load is too low this does not only mean a waste of 
catalyst but also can increase the amount of carbon dioxide produced and reduce the 



selectivity, which is why it is undesirable. An excessively high load is practically 
pointless, because when the amount of catalyst is too small, the heat transfer area of the 
cooling water pipes in the catalyst layer may be too small to remove the reaction heat, 
thus producing a situation where the reaction temperature cannot be controlled. 

In the recovery and purification process of the acrylonitrile produced with the catalyst 
of this invention, existing production processes can be applied without any modifications. 
That is, unreacted ammonia is removed along with the effluent gases from the fluidized 
bed reactor via neutralization tower, and then all of the organic products are absorbed by 
low temperature water. The absorption liquid undergoes extractive distillation, and an 
acrylonitrile product of high purity is obtained upon the removal of hydrocyanic acid and 
dehydration. 

This invention reveals that due to the addition of germanium and tungsten to the 
molybdenum, bismuth and iron catalyst system, this catalyst system acquired a capability 
to operate under conditions of higher reaction pressure (0. 14 MPa) and higher load 
(WWH is 0.085 hr *). It also reveals that due to the addition of a manganese component 
to this catalyst system, it has a higher catalytic activity and selectivity under reaction 
temperature of 430°C. Moreover, by appropriately adding other active components and 
non-metal elements B, P or/and As, even better results are achieved: this catalyst operates 
under conditions of a reaction temperature of 430°C, a higher pressure of 0.14 MPa, a 
higher load of 0.085 hr ! , and a lower air to propylene ratio of 9.5:1 (mole), and the 
acrylonitrile yield-per-pass can become as high as 80.3%, while the ammonia conversion 
rate may reach 98%. 

The activity of the catalyst of this invention was evaluated in a fluidized bed reactor 
with an internal diameter of 38 mm. The catalyst charge was 400 g, the reaction 
temperature was 430°C, the reaction pressure - 0. 14 MPa, and the raw material's 
composition ratio (moles) was propylene : ammonia : air = 1 : 1.2 : 9.5; the catalyst's 
propylene load (WWH) was 0.085 hr" 1 . 

In this invention the definitions of propylene conversion rate, acrylonitrile selectivity 
and yield-per-pass are as follows: 



Reacted propylene mole number 
Propylene conversion rate (%) = x \qq 

Fed propylene mole number 

Produced acrylonitrile mole number 
Acrylonitrile selectivity (%) = _ x iqo 

Reacted propylene mole number 



Produced acrylonitrile mole number 
Acrylonitrile yield-per-pass (%) = x iqo 



Fed propylene mole number 



Ammonia conversion rate (%) = 



Fed ammonia mole number - 
unreacted ammonia mole number 



x 100 



Fed ammonia mole number 

Below we will further explain this invention with Practical Examples. 
[Practical Example 1] 

To 2.16 g of cesium nitrate mixed with 1.64 g of potassium nitrate was added 30 g of 
water and the mixture was heated to dissolving.to obtain substance (A). 7.02 g of 
germanium dioxide, 1 1.48 g ammonium tungstate, and 421.8 g of ammonium molybdate 
were dissolved in 350 g of hot water at 60 - 90°C. to obtain substance (B). 10.8 g of 
chromium trioxide was dissolved in 15 g of water to obtain substance (C). 67.2 g of 
bismuth nitrate, 17.47 g of manganese nitrate, 282 g of nickel nitrate, 48.4 g of cerous 
nitrate, 102 g of magnesium nitrate and 168 g of ferric nitrate were mixed together, 190 
g of water was added thereto and once the mixture was heated to dissolving it became 
substance (D). By weighing 4.12 g of phosphoric acid solution, substance (E) was made. 

Substance (A) was mixed with 1280 g of silicasol with a weight concentration of 
40%, and while stirring the mixture, to it were added substances (B), (C), (D) and (E) one 
by one, and after complete stirring, slurry was obtained. The produced slurry was formed 
into microspheric particles by a commonly known method in a spray drier. Finally, it 
was calcined for 1.5 hrs at 590°C in a rotary calciner with an inner diameter of 89 mm 
and a length of 1700 mm (O 89 x 1700 mm), and the composition obtained was 

50% Ko.1Cso.07P0.o20Ni5.6Cr035Ceo35Mg1.2Ge0.05Mno.2W0 i 5 Fe 2 oBi 0 7sMo l3 oO x + 50% 
Si0 2 . 

[Practical Examples 2-8 and Comparative Examples 1 ~ 4] 

By basically the same method as in Practical Example 1 were prepared catalysts 
whose compositions differed as indicated in Tables below. Then acrylonitrile was 
produced by propylene ammoxidation with the prepared catalysts under reaction 
conditions indicated below, and the results are shown in Table 1. 

The reaction conditions in the above-mentioned Practical Example and Comparative 
Examples were as follows: 

O 38 mm fluidized bed reactor 

Reaction temperature 430°C 

Reaction pressure 0.14 MPa 

Catalyst charge 400 g 

Catalyst's propylene load (WWH) 0.085 hr" 1 

Raw material gas ratio (Moles) C 3 7NH 3 /air = 1/1 .2/9.5 
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K.Rb Ifc Cs «|»ft<jMi>^#;B j£B Co.Ni^Cr.Ca.Mg.La. 



CO 

to 



5$+Aj&gLk Na. K. RbUcCs *#JS4>— ft, 
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a M^mB^J 0.01 — 1.5; 
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